There are limited population-based data regarding pediatric herpes zoster (HZ).
Herpes zoster (HZ) is caused by the reactivation of latent varicella-zoster virus (VZV), the virus that initially produces varicella. Although HZ is considered a disease of the elderly, it can affect individuals at any age, including children. The incidence of pediatric zoster has been reported to range from 42 to 238.5 per 100 000 person-years. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Previous studies have suggested that the incidence rate of HZ should include only individuals with VZV infection rather than an ageadjusted population including those without varicella infection. This is even more important when estimating pediatric HZ, because most adults but not children have previously had a VZV infection. 2, 5 Very few studies have revealed the duration from contracting varicella to the occurrence of pediatric HZ, with a duration ranging from 5 to 8.8 years. 3, 4, 6, 12 HZ in children and adolescents has been reported to be associated with immunosuppressive conditions such as malignancy, 6 ,12-14 especially leukemia, [12] [13] [14] and HIV infection. 15 It has also been reported in otherwise healthy children, and most frequently in those with varicella infection in the first year of life. 1, 7, [16] [17] [18] [19] Several studies have indicated that exposure to VZV provides a protective effect against reactivation of VZV by boosting specific immunity to the virus. 20, 21 Varicella vaccination programs have led to a reduction in the number of cases of varicella, and the reduced exposure to VZV may influence the incidence rates of HZ. However, few population-based studies are available on the effects of varicella vaccination on the incidence of pediatric HZ. 7, [9] [10] [11] Studies regarding HZ among children are limited, and no previous population-based epidemiologic studies of pediatric HZ among only those infected with varicella have been published. In this nationwide population-based study with a retrospective cohort design, we investigated the incidence of pediatric HZ before and after the introduction of a vaccination program in children with medically attended varicella. The effects of hospitalization and systemic antiviral therapy for varicella on pediatric HZ were examined. Because HZ can be caused by the reactivation of the wild-type or vaccine strain of VZV, the incidence of HZ in children without a medical history of varicella who received the varicella vaccine was also assessed. The aim of this study was to establish population-based pediatric HZ data from only those who had varicella infection and assess the early effect of routine varicella vaccinations on the incidence of pediatric zoster.
METHODS

Data Source
The National Health Insurance Research Database (NHIRD) in Taiwan consists of detailed medical claims data from .25.68 million enrollees. In this population-based retrospective cohort study, data were obtained from a representative 1 million subjects randomly sampled from all enrollees of the National Health Insurance program, which was initiated in Taiwan 
Follow-up Period
The children in group A were followed up from a diagnosis of varicella to a diagnosis of HZ or until December 31, 2008. The children in group B were followed up from 43 days after the vaccination to a diagnosis of HZ or until December 31, 2008.
Covariates
Demographic factors including age and gender were obtained for all of the included children from the NHIRD. Children in group A who received systemic antiviral drugs for varicella infection were defined as users of antiviral therapy. In Taiwan, systemic antiviral drugs (acyclovir) are indicated for immunocompromised patients, neonatal varicella, varicella pneumonia, varicella meningitis, and hospitalized varicella patients with fever .38°C. The recommended dose for varicella is 20 mg/kg per dose orally 4 times daily for 5 days, or 10 mg/kg per dose intravenously 3 times daily for 7 days. Comorbid chronic medical conditions of the children who received antiviral therapy for varicella were reviewed.
Statistical Analysis
Descriptive statistics were used to summarize the characteristics of the study subjects. Continuous variables were reported as mean 6 SD and categorical variables as percentages. The incidence rate of HZ in group A was calculated by dividing the number of incident HZ cases by the number of person-years of follow-up for the subjects in group A who had a medical history of varicella. The incidence rates of HZ in the children in group A were further compared by age at the diagnosis of varicella at 2, 5, and 8 years of follow-up. To access the influence of the implementation of the national varicella vaccination program (since 2004) on the incidence of HZ, the children in group A with complete follow-up before versus after 2004 were further analyzed. Only children having both primary infection and HZ either before or after 2004 were included. The maximum follow-up period for the prevaccination era (2000-2003) was 3 years. The HZ incidences were compared by age group at the diagnosis of varicella (aged ,1, 1 to ,2, 2 to ,8, and $8 years) at 2 and 3 years of follow-up. We also estimated the HZ incidence of group A according to the status of receiving antiviral therapy or being hospitalized for varicella. The incidence rate of HZ in the children who received antiviral therapy for varicella was further examined by dividing them into those with and those without comorbid chronic medical conditions. The incidence rate of HZ in group B was calculated by dividing the number of incident HZ cases by the number of person-years of follow-up for the vaccinated subjects in group B who did not have any medical history of varicella infection. To assess the risk of zoster after primary infection versus the vaccination, we compared the incidence of HZ between groups A and B at 2, 3, and 4 years of follow-up.
The duration from varicella to zoster for group A was defined as the period between the first date of diagnosis of varicella and the date of diagnosis of zoster.
In a Cox regression model, patients with varicella who did not develop HZ or were lost to follow-up in the study period were censored. All analyses were performed by using SAS software version 9.3 (SAS Institute, Inc, Cary, NC). The Mantel-Haenszel x 2 procedure was used to estimate the relative risks (RRs) and 95% confidence intervals (CIs).
This study was approved by the Institutional Review Board of Taipei City Hospital (TCHIRB-1011005-E).
RESULTS
There were 27 517 children in group A, including 428 who developed HZ in the follow-up period. Of these 428 cases, 82.0% developed HZ at an age older than 5 years. The mean age at the diagnosis of varicella was 5.24 years, and 8.40 years for HZ. There were no significant differences between gender in the incidence of varicella or HZ. The mean duration from varicella to HZ was 4.12 years (Table 1) . In group A, the peak duration between varicella and HZ differed by the age at the diagnosis of varicella. For those diagnosed with varicella aged ,1 year, the peak duration of HZ occurred between 49 and 60 months, with 25.5% developing HZ during this time. The development of HZ peaked between 37 and 48 months for those aged $1 year but ,2 years, and between 61 and 72 months for those aged $2 years. The mean duration for children diagnosed with varicella aged ,1, $1 but ,2, and $2 years were 3.75 6 2.01, 3.74 6 1.90, and 4.23 6 2.40 years, respectively. The mean duration was significantly shorter for those diagnosed with varicella aged ,2 compared with those diagnosed aged $2 but ,7 years (P = .04).
There were 25 132 children in group B, including 106 who developed HZ during the follow-up period. Of these 106 HZ cases, 48 were boys and 58 girls, with no significant difference between gender in the incidence of HZ. The mean age of the HZ cases was 2.51 years (range, 1.36-4.78 years), which was significantly younger than the children in group A (P , .001).
In group A, the incidence of pediatric HZ was 262.1 per 100 000 personyears for the whole observation period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) . The children diagnosed with varicella when they were younger than 1 year of age had a significantly greater risk for HZ (P , .001), with incidence rates of 518.4, 855.5, and 589.7 per 100 000 person-years at 2, 5, and 8 years of follow-up. The incidence rates of HZ for the children diagnosed with varicella aged $1 but ,2 years were significantly higher at 2 and 5 years of follow-up than those aged $2 years (P , .001; Table 2 ).
In The risk of developing HZ in the children diagnosed with varicella aged ,1 year was insignificantly lower after than before the vaccination program. In contrast, the children diagnosed with varicella aged $2 had a higher incidence rate of HZ after 2004, and this difference was significantly higher for those aged $2 but ,8 years (P = .02 and P = .03 at 2 and 3 years of follow-up, respectively; Table 3 ). The children in group A had a significantly higher risk of developing HZ than the children in group B at 2, 3, and 4 years of follow-up (P , .001). The incidence of HZ in the children in group A was 2.31-fold higher than in group B at 4 years of follow-up (Table 4) .
DISCUSSION
To the best of our knowledge, this is the first population-based study to report the epidemiologic characteristics of pediatric HZ among only those who contracted varicella. Weinmann et al 11 reported a population-based study of HZ in children, in which the incidence rate was calculated by the number of laboratory-confirmed HZ cases divided by the total person-years of observation in patients aged younger than 18 years, which differs from the current study cohort. respectively. Insinga et al 5 reported an incidence of 110 per 100 000 person-years in children aged 0 to 14 years, and Weinmann et al 11 and Civen et al 9 reported rates of 230 per 100 000 and 238.5 per 100 000 person-years respectively, which are similar to the findings of the current study. The higher incidence in this study may be because pediatric HZ was measured in a cohort of children who were all infected with varicella rather than including individuals free of varicella infection in the denominator.
In the current study, the mean age at the diagnosis of zoster was 8.4 years, which is similar to the findings of Takayama et al 12 and Wootton et al, 6 but younger than that reported by Petursson et al 3 (11.8 years) . The mean duration from varicella to HZ was 4.12 years in the current study, which is shorter than in previous studies (range, 5-8.8 years). 3, 4, 6, 18 We also found that the mean duration (3.75 6 1.94 years) among the children who contracted varicella aged ,2 years was significantly shorter than those aged $2 years (P = .04). These findings are similar to those of Stein et al 10 but different from the reports by Petursson et al 3 and Takayama et al 12 in that there were no significant correlations between age at the diagnosis of varicella and the time interval to develop pediatric HZ.
This study adds robust additional data to existing literature that contracting varicella in the first year of life greatly increases the risk for pediatric HZ. [16] [17] [18] [19] [20] The children who contracted varicella aged ,2 years had a significantly higher risk of developing childhood zoster than those contracting varicella aged $2 years (P , .001). This may be explained by a decreased level of immunity to VZV when varicella occurs at a much younger age. 17 In this study, the children who received systemic antiviral therapy for varicella had a higher risk of developing HZ than those who did not receive antiviral therapy. Immunocompromised children are prone to contract pediatric HZ, and this may have led to the higher incidence of HZ in the cases receiving In this study, the mean age at the diagnosis of HZ in varicellavaccinated children without a medical history of varicella was 2.5 years, which is similar to a report of laboratory-confirmed HZ in vaccinated subjects with the vaccine strain of HZ (mean age, 2 years). 5 Lin and Hadler 23 proposed that young subjects may be a target group for the initial monitoring of the impact of decreased circulation of VZV on the occurrence of HZ. Modeling studies have hypothesized that a reduction in varicella cases will consequently lead to an initial increase in HZ, followed by an eventual decline. 24, 25 During this early postvaccine period, we found an increased incidence of HZ in the children diagnosed with varicella aged $2 years, with a significant difference in those aged $2 but ,8 years. Civen et al 9 observed a trend of an increasing incidence of zoster among children and adolescents who had had varicella, and suggested that widespread varicella vaccinations may increase the incidence of HZ.
A lower HZ incidence rate in children who have been vaccinated compared with those with natural infection has also been reported. 9, 23, 26 It has been proposed that the vaccine strain of the virus is attenuated, which may mean that it has less frequent access to sensory nerves to establish latency and is thus less able to reactivate compared with the wild-type virus. 27 Civen et al 9 reported that the risk of HZ among vaccinated children aged ,10 years is 4 to 12 times lower than that among children of a similar age with a history of varicella. In addition, Weinmann et al 11 reported a 79% lower incidence of HZ in vaccinated children than in unvaccinated children. A RR for HZ in vaccinated children of 0.36 (0.27-0.48) compared with unvaccinated children has been reported in a partially vaccinated pediatric population. 10 The current study revealed a higher incidence of HZ in vaccinated children compared with other studies (ranging from 15 to 48 per 100 000 personyears), 9,11 but a lower rate more similar to a partially vaccinated pediatric population reported in central Israel (28% average coverage). 10 Such findings may be related to the early postvaricella vaccination period, as the trend of pediatric HZ declines with time after a varicella vaccination program has been introduced. 11 In the current study, the HZ in the vaccinated children without a medical history of varicella might be due to vaccine strain VZV or wild-type strain from indolent natural varicella infection before or after the vaccination.
This study has several limitations.
Children with very mild symptoms may not seek medical attention. Thus, the results may underestimate the actual incidence of zoster. The validity of the estimates depends on the accuracy of physician diagnosis coding in the administrative claims database. Nevertheless, the appearance of varicella and HZ is sufficiently distinctive that a clinical diagnosis is generally regarded as reliable. The influence of varicella vaccination on HZ is limited by the short time period since the implementation of the vaccination program in Taiwan. Longer follow-up is needed to understand the impact of the varicella vaccination program on the epidemiology of pediatric HZ.
CONCLUSIONS
This study presents the populationbased epidemiologic characteristics of pediatric HZ in a cohort of children who were all infected with varicella. The incidence rate in the current study is higher than in previous studies, and children younger than 2 years at the diagnosis of varicella had a significantly higher risk and shorter duration of developing HZ. In the early postvaricella vaccination period, the incidence of HZ among the children diagnosed with varicella aged $2 but ,8 years significantly increased compared with before the implementation of the vaccination program. A higher incidence of HZ in vaccinated children without medically attended varicella was observed compared with previous reports of the incidence of HZ in vaccinated children in the late postvaccination period. The results of the current study may serve as baseline data for the early effects of varicella vaccinations on pediatric HZ. Longterm studies are required to monitor the impact of a varicella vaccination program on pediatric HZ.
